S ymptomatic herniation of the nucleus pulposus in the lumbar spine affects 1% to 2% of the general population at some time during their lives 1, 2 . Symptomatic herniation of the nucleus pulposus is most prevalent in men during the fourth and fifth decades of life 3 . Although the presentation of symptoms is variable, many patients recall an acute event that precipitated low back pain associated with radicular unilateral or bilateral leg pain. Leg pain resolves in 70% of patients within six weeks after presentation 4 . Therefore, the treatment of herniation of the nucleus pulposus generally begins nonoperatively and includes education and counseling, nonsteroidal anti-inflammatory and narcotic medication, physical therapy, and epidural injections. According to most guidelines, surgery should be considered for patients with persistent pain beyond a reasonable course of nonoperative therapy 5 . Randomized trials from the past thirty years have demonstrated the efficacy of the discectomy procedure for the treatment of herniation of the nucleus pulposus 6 . More recent studies, such as the Spine Patient Outcomes Research Trial (SPORT), have further demonstrated the benefit of operative over nonoperative treatment for herniation of the nucleus pulposus [7] [8] [9] [10] [11] [12] .
It is universally agreed that emergency surgery is rarely required. There is no consensus, however, regarding the timing of elective surgery for the treatment of lumbar disc herniation. Statements in the literature include waiting anywhere from ''an appropriate amount of time'' to twelve months after the onset of symptoms [13] [14] [15] [16] [17] [18] . The purpose of the present study was to use the SPORT database to assess the effect of the duration of symptoms on outcomes following the treatment of lumbar disc herniation. We hypothesized that patients with a longer duration of pretreatment symptoms have less favorable clinical outcomes than those with a shorter duration of symptoms.
Materials and Methods

Study Design
S
PORT was conducted at thirteen multidisciplinary spine practices in eleven states across the United States. The details of methods have been reported previously 9, [19] [20] [21] .
Patients
The human subject committees at each center approved the standardized protocol. Patients over the age of eighteen years who had radicular pain for at least six weeks despite some form of nonoperative treatment, a positive nerve root tension sign and/or neurological deficit, and a confirmatory cross-sectional imaging study demonstrating intervertebral disc herniation at or caudad to L2, with the level and side corresponding with the symptoms, were included in the study. Patients with cauda equina syndrome, a progressive neurological deficit, malignant disease, scoliosis measuring >15°, previous back surgery, and/or other established contraindications to elective surgery were excluded.
Study Interventions
Patients were enrolled into either a randomized cohort or an observational cohort. Those in the randomized cohort received computer-generated random treatment assignments. Those in the observational cohort chose their treatment with their physician. Patients in the operative treatment group underwent lumbar discectomy with use of a traditional open posterior approach. Patients in the nonoperative treatment group were managed with ''minimum nonsurgical treatment,'' defined as active physical therapy, education and/or counseling with home exercise instruction, and a nonsteroidal anti-inflammatory drug if tolerated. Additionally, patients in the nonoperative treatment group could receive any therapies above the minimum required protocol that were deemed appropriate by their physician. Given the extensive crossover in the randomized cohort and the similarity between baseline patient characteristics and outcomes when comparing the randomized and observational cohorts, both of the cohorts were combined for this study and an as-treated analysis was performed on the combined cohorts.
Study Measures
The data for the present study were obtained from patient questionnaires that were completed at baseline and at six weeks, three months, six months, one year, two years, and four years after enrollment or surgery. The primary outcome measures included the bodily pain and physical function domains of the Short Form-36 (SF-36) 22 and the American Academy of Orthopaedic Surgeons MODEMS (Musculoskeletal Outcomes Data Evaluation and Management System) version of the Oswestry Disability Index (ODI) 23 . Secondary measures included patient self-reported improvement, work status, and satisfaction with current symptoms 1 . Symptom severity was measured with the Low Back Pain Bothersomeness Index, the Sciatica Bothersomeness Scale, and the Leg Pain Bothersomeness Scale 10, 24 . The SF-36 scales and the ODI range from 0 to 100, the Sciatica Bothersomeness Scale ranges from 0 to 24, and the Low Back Pain Bothersomeness Index and the Leg Pain Bothersomeness Scale range from 0 to 6. Higher scores indicate more severe symptoms on the ODI, the Sciatica Bothersomeness Scale, and the Leg Pain Bothersomeness Scale, whereas higher scores indicate less severe symptoms on the SF-36.
Statistical Analysis
Differences in baseline characteristics were compared between patients who had had symptoms for six months or less and those who had had symptoms for more than six months. The primary analyses compared changes in the clinical outcome measures from baseline as a function of the duration of symptoms within each nonoperative or operative treatment arm. The duration of symptoms was based on the date of the onset of symptoms to the date of surgery for patients in the operative treatment arm and was based on the date of onset of symptoms to the date of enrollment in the study for those in the nonoperative treatment arm. The treatment effect of surgery was calculated as the change in outcome measure after operative treatment minus the change in outcome measure after nonoperative treatment 25 .
Significance was defined as a p value of <0.05 on the basis of a two-sided hypothesis test with no adjustment made for multiple comparisons. No adjustments were made because the analyses in the current study consisted of the longitudinal assessment of different dimensions of outcomes (that is, symptoms, function, and disability) over time. The analyses were not multiple independent comparisons from which we were looking for a single significant result, as would be implied by a Bonferroni or similar correction for multiple comparisons. The various time points were not independently assessed but were compared within the overall context of a longitudinal regression model across three complementary domains of outcome. 
Source of Funding
Results
O
f the 1244 patients who were enrolled in the SPORT study, 1192 patients had had data on the duration of symptoms; of these, 927 patients had had symptoms for six months or less, and 265 had had symptoms for more than six months (Fig. 1) . The demographic and baseline characteristics are illustrated in a table in the Appendix. Significant baseline differences between the patients who had had symptoms for more than six months and those who had had symptoms for six months or less included a higher rate of depression (p = 0.005), a higher proportion of patients who perceived that the problem was getting worse (p = 0.002), and a greater proportion of patients who had a preference for surgical treatment (p = 0.04) among those who had had symptoms for more than six months. Otherwise, the demographic and baseline characteristics were similar. There was no difference between the two groups in terms of work status at baseline. In the operative treatment group, 57% of patients who had had symptoms for six months or less and 60% of those who had had symptoms for more than six months had worked at either a full or part-time job prior to surgery (p = 0.42). In the nonoperative treatment group, 66% of patients who had had symptoms for six months or less and 67% of those who had had symptoms for more than six months had worked either a full or part-time job prior to treatment (p = 0.11). There were no differences between the patients who had had symptoms for six months or less and those who had had symptoms for more than six months in terms of baseline primary outcome measures (that is, SF-36 bodily pain and physical function and Oswestry Disability Index).
Clinical baseline characteristics are reported in Table I . Compared with patients who had had symptoms for more than six months, a higher percentage of patients who had had symptoms for six months or less had a positive straight leg raise test (8% difference; p = 0.028), neurological deficit (6% difference; p = 0.034), asymmetric depressed lower extremity deep tendon reflexes (8% difference; p = 0.013), and fewer protruding and greater extruded or sequestered types of herniation on magnetic resonance imaging (MRI) (p < 0.001). The details of operative treatment are indicated in Table II . The operative time was eight minutes greater for the patients who had had symptoms for more than six months (p = 0.008). There were other slight differences between the groups that did not reach significance. Figure 1) . †The values are given as the mean and the standard deviation. ‡Significant (p < 0.05).
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T 19, 2011 In the operative treatment group, patients who had had symptoms for six months or less had significantly improved primary outcome measures compared with those who had had symptoms for more than six months. When the measurements at each follow-up interval from one to four years were compared with the baseline values, patients who had had symptoms for six months or less had a greater increase in the bodily pain domain of the SF-36 (mean change at four years, 48.3 compared with 41.9; p < 0.001), a greater increase in the physical function domain of the SF-36 (mean change at four years, 47.7 compared with 41.2; p < 0.001), and a greater decrease in the ODI score (mean change at four years, 241.1 compared with 234.6; p < 0.001) in comparison with those who had had symptoms for more than six months (with higher scores indicating less severe symptoms on the SF-36 and indicating more severe symptoms on the Oswestry Disability Index) (Table III) . In the operative treatment group, the majority of secondary outcome measures, including the Sciatica Bothersomeness Scale, satisfaction with symptoms, self-rated health status, and working status, demonstrated a significant benefit for patients who had had symptoms for six months or less (see Appendix). The Leg Pain Bothersomeness Scale and the Low Back Pain Bothersomeness Index showed a definite trend toward greater improvement in patients who had had symptoms for six months or less, but the difference did not reach significance at the time of the fouryear follow-up (p = 0.051 and p = 0.084, respectively) (see Appendix).
In the nonoperative treatment group, patients who had had symptoms for six months or less also demonstrated improved primary outcome measures compared with those who had had symptoms for more than six months (Table III) . When the measurements at each follow-up interval from one to four years were compared with the baseline values, patients who had had symptoms for six months or less had a greater increase in the bodily pain domain of the SF-36 (mean change at four years, 31.8 compared with 21.4; p < 0.001), a greater increase in the physical function domain of the SF-36 (mean change at four years, 29.5 compared with 22.6; p = 0.015), and a greater decrease in the ODI score (mean change at four years, -24.9 compared with -18.5; p = 0.006) in comparison with those who had had symptoms for more than six months (with higher scores indicating less severe symptoms on the SF-36 and indicating more severe symptoms on the Oswestry Disability Index) ( Table III) . The Sciatica Bothersomeness Scale, Leg Pain Bothersomeness Scale, Low Back Pain Bothersomeness Index, and working status demonstrated a consistent benefit for the patients who had had symptoms for six months or less (see Appendix).
The patients in the operative treatment group had better outcomes than those in the nonoperative treatment group at every follow-up time point for all primary outcome measures (Fig. 2) . The treatment effect, or the change from baseline following operative treatment minus the change from baseline following nonoperative treatment, was calculated separately at each time point for the patients who had had symptoms for six months or less and those who had had Fig. 2 Line graph illustrating the change in primary outcome measures versus time for patients in the operative and nonoperative treatment groups who had had symptoms for six months or less or for more than six months. 1911 19, 2011 symptoms for more than six months to determine if the duration of symptoms influenced the relative effectiveness of operative intervention as compared with nonoperative intervention (Table IV ) (see Appendix). The treatment effect for all primary and secondary outcome measures was similar in patients who had had symptoms for six months or less and those who had had symptoms for more than six months, indicating that operative treatment offers similar advantages over nonoperative treatment, regardless of the duration of symptoms (Fig. 3) . A post hoc power analysis was performed to ensure that our study was sufficiently powered. We based the power analysis around one of the primary outcome variables in the operative treatment population, the SF-36 bodily pain subscale. In order to show a difference between patients who had had symptoms for six months or less and those who had had symptoms for more than six months prior to operative treatment, SF-36 bodily pain subscales in one group would have to exceed those in the other by at least the minimum clinically important difference. To maintain a conservative estimate of the power of the study, the minimum clinically important difference was selected on the basis of the study by Lauridsen et al. 26 , which demonstrated an increasing minimum clinically important difference with improved baseline scores up to a maximum value for the minimum clinically important difference of 5 on the SF-36 bodily pain subscale. On the basis of this minimum clinically important difference, the observed difference of 6.4 points between patients with symptoms for six months or less and those with symptoms for more than six months before operative treatment, and the observed standard deviation of approximately 1.5 points, the power of the study approaches 1. This is an expected result, both because of the large study size and because the difference between these groups in terms of the SF-36 bodily pain subscale exceeded the minimum clinically important difference.
Discussion
T he authors of previous observational studies have identified worse outcomes in patients with a longer duration of pretreatment symptoms and have recommend earlier surgical intervention [27] [28] [29] [30] [31] . Nygaard et al. found worse self-reported outcomes in patients who had had leg pain for more than eight months in a prospective study of 132 consecutive patients 27 . Jansson et al., in a prospective follow-up study of 283 patients who underwent surgery for the treatment of lumbar disc herniation, showed that a duration of pain of more than six months was a risk factor for a worse health-related quality of life as determined with the EuroQol-5D measurement tool 28 . Ng and Sell, in a prospective cohort study of 113 consecutive patients with lumbar disc herniation, determined that patients who had had symptoms for more than twelve months had significantly worse outcomes in comparison with patients who had had symptoms for less than twelve months before operative treatment 29 . Jönsson investigated patient-related factors predicting the outcome after decompressive surgery in a study of 120 patients with lumbar disc herniation 30 . A duration of sciatica of more than six months and a long absence from work had significant negative influence on the two-year surgical outcome.
Recently, Peul et al. 32 performed a large, multicenter randomized trial involving 283 patients with sciatica and lumbar disc herniation in which early surgery (that is, within Fig. 3 A comparison of the treatment effects for each of the three primary outcome measures between patients who had had symptoms for six months or less and those who had had symptoms for more than six months. The p values comparing treatment effects between the groups were not significant.
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T 19, 2011 two weeks) was compared with a six-month period of nonoperative treatment followed by surgery if needed after this period of nonoperative treatment. All patients had symptoms for six to twelve weeks prior to enrollment. Early surgery offered significant benefits over nonoperative treatment in the early follow-up period, with the maximum benefit achieved between eight to twelve weeks after enrollment. At one year and two years 33, 34 after randomization, however, there were no significant differences between the two groups in terms of the primary outcome measures. It should be noted that, during the first year of the study, 39% of the patients who had been randomized to six months of nonoperative treatment crossed over and underwent surgery at an average of 14.6 weeks after enrollment. It should also be noted that the authors chose to perform an intent-to-treat analysis of their data. In an intentto-treat analysis, this substantial crossover may lead to an underestimation of the benefits of surgical treatment. According to the authors, patients who had unsuccessful nonoperative treatment and underwent late surgery had similar improvement at one and two years as compared with patients who were allocated to early surgery 35 . These findings suggest that there is no downside to attempting nonoperative treatment prior to performing surgery.
Similar to many of the previously published studies, the current study suggests that patients who have symptoms of a herniated lumbar disc for more than six months do not have clinical results that are as good as those for patients who have symptoms for six months or less prior to the initiation of any formal treatment program. In the operative treatment group, patients who had had symptoms for more than six months had significant improvements over baseline. However, the improvements were not as great as those achieved in the operatively managed patients who had had symptoms for six months or less. Similarly, in the nonoperative treatment group, patients who had had symptoms for more than six months had significant improvements over baseline, but the improvements were not as great as those seen in those who had had symptoms for six months or less. As indicated by the reported treatment effects, operative treatment provided a benefit over nonoperative treatment at all follow-up time intervals for all primary outcome measures. There was no significant difference in the calculated treatment effects between the two groups, suggesting that surgical treatment offers similar advantages over nonoperative treatment, regardless of the duration of symptoms. Although they may not have done as well as patients with a shorter duration of symptoms, those who had had symptoms for more than six months had a better outcome following surgery as compared with following nonoperative treatment. Similarly, consistent with the findings of Peul et al. [32] [33] [34] , no greater advantage is gained with operative over nonoperative treatment when performed for patients with shorter duration of symptoms. This information can be helpful when counseling patients on the options for the treatment of symptomatic lumbar disc herniation.
The present study had limitations. Differences in baseline data between the group of patients who had had symptoms for six months or less and the group of patients who had had symptoms for more than six months may have affected the results. These differences included the type of disc herniation, the presence of neurological deficit, the operative time, the percentage of patients who reported depression, the percentage of patients who perceived that the problem was getting worse, and the percentage of patients who had a preference for surgical treatment. Several of these variables have been shown in previous studies to have an effect on the outcome of lumbar discectomy [36] [37] [38] [39] [40] [41] [42] [43] [44] . Although the SPORT investigation was not powered specifically to detect differences between subgroups on the basis of the duration of symptoms, we did detect significant differences between the patients who had symptoms for six months or less and those who had had symptoms for more than six months. However, it is possible that there may be additional clinically relevant differences between the subgroups in terms of baseline characteristics or outcomes that we were not able to detect. Future investigations might address the role of potential confounding variables, such as patient expectations, the perception of symptomatic improvement, and depression/mental status, in determining patient outcomes.
